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U "ASSACHUSETTS INSTITUTE OF TECHNOLOGY

DEPARTMENT OF PHYSICS

Rm. 12-116

CAMBRIDGE, MASSACHUSETTS 02139-4307

John D. Joannopoulos Tel: (617) 253-4806
Professor of Physics Fax: (617) 253-2562

14 June 1994

Dr. George Yoder, Code 1131
Office of Naval Research
Materials Division
800 North Quincy Street
Arlington, VA 22217

Dear George:

This letter is meant to be a progress report for the period March 1, 1993 to February
28, 1994 of our grant with ONR # N00014-92-J-1752. I am also enclosing a PPPH report
for your records.

We continue to make excellent progress towards our goal to theoretically model
accurately and understand the properties of interfaces between grains of particles in
general and Matrix/second-phase particles in particular. Our accomplishments have been
along four directions. Briefly, they are the following:

First, the development of a new theoretical method for performing all-electron
calculations. The method allows one to by-pass the pseudopotential approximation, yet
still retain the flexibility and power of plane-wave expansions. The foundation and
success of our method lies in changing the curvature of space in regions of very high
electron density. This adaptive Reimannian metric picks the best variational grid for
expanding the wavefunctions. Indeed, the new technique provides the same degree of
convergence as conventional methods using twenty times more basis functions.

Second, the extension and generalization of the chemical concept of electron softness
to investigate the effects of impurity segregation at grain boundaries. We have
successfully demonstrated that one can define a local softness for polyatomic systems,



which, when combined with the traditional softness characteristics of atoms and

molecules, can be used to predict the segregation properties of atoms at grain boundaries.

Third, the development of the first ab-initio theory of dislocation interactions. A
variety of interesting results emerge including an ab-initio value for the dislocation core
energy; the demonstration that dislocation interactions can approach the classical limit
within a few tens of Angstoms; and the discovery of a pathway for the spontaneous
mutual annihilation of a dislocation-dipole of the type that occurs when a Frank-Read
source emits a dislocation loop.

Finally, an ab-initio calculation of atomic image Scanning Tunneling Microscopy

(STM) signatures for Cu, Si and 0 atoms. Such signatures are crucial in the
interpretation of future cross-sectional STM images of Cu/SiO2 particle interfaces. An
example of our theoretical STM images for a perfect Cu-Si02 interface is shown in Fig.
1. The region on the left is the Cu matrix. The small bright spots are the Cu atoms. The
region on the right is a SiO2 (a-cristobalite) particle. The large bright clouds are oxygen

atoms. The silicon atoms appear only as dark shadows.

We continue to stay in close contact with Prof. Warren Garrison and his group at
Carnegie-Mellon and have piqued his interest in performing crossectional STM studies of
his samples as the ultimate way to obtain structural information.

I hope this is sufficient. If you need any additional information please do not

hesitate to ask.

Accecion For Sincerely,
NTIS CRA&IM

DTIC i ;A.B John D. Joannopoulos
UO1da:.oLj:!ed Professor of Physics
Justification

B . .... ....... . . . .... . .By .......................... ..... . . ...... . ..... .
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